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a  b  s  t  r  a  c  t
Yellow  plaques  detected  by coronary  angioscopy  have  been  regarded  as  vulnerable  plaques  and  asso-
ciated  with  distal  embolization  or slow/no-ﬂow  phenomenon  during  coronary  intervention.  This  is  the
ﬁrst  report  that  compared  the  ﬁndings  of  angioscopy  and  near-infrared  spectroscopy  (NIRS) in a patient
who  suffered  no-ﬂow  phenomenon  during  coronary  intervention.
A 41-year-old  male  patient  with  silent  myocardial  ischemia  received  coronary  intervention.  Coronary
angiogram  revealed  diffuse  stenosis  in the  distal  right  coronary  artery.  Target  lesion  was  examined  by
NIRS  and  angioscopy.  NIRS  can  detect  lipid  core  plaque,  which  is  presented  as an  yellow  area  in contrast
to  the  normal  red area.  Target  segment  was  ﬁlled  with  lipid  core plaques.  On  the other  hand,  angioscopy
revealed  a ruptured  yellow  plaque  with  a thrombus  in the  target  segment.  The distribution  of  yellow
plaques  detected  by angioscopy  appeared  well  corresponded  to the  yellow  areas  detected  by  NIRS. After
the  insertion  of ﬁlter-type  distal  protection  device,  balloon  pre-dilatation  and  stent  implantation  were
performed.  Then,  no-ﬂow  phenomenon  occurred.  Coronary  ﬂow  was  ﬁnally  recovered  in the protected
vessel  but  was  still  disturbed  in  the non-protected  vessel.  The  ﬁlter  was  ﬁlled  with  much  plaque  debris.The  correlation  between  the  yellow  area  detected  by  NIRS  and the  yellow  plaques  detected  by
angioscopy  appeared  very  well.
<Learning objective:  The  correlation  between  the yellow  area  detected  by near-infrared  spectroscopy
(NIRS)  and  the  yellow  plaques  detected  by  angioscopy  appeared  very  well.  As well as  yellow plaque
detected  by angioscopy,  lipid  core  plaque  as  shown  in  yellow  area  by NIRS  may  also  be associated  with
future  event  of  acute  coronary  syndrome  and  distal  embolization  during  coronary  intervention.>
© 2014  Japanese  College  of  Cardiology.  Published  by Elsevier  Ltd.  All  rights  reserved.ntroductionYellow plaques detected by coronary angioscopy have been
egarded as vulnerable plaques [1,2] and have been associated
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878-5409/$ – see front matter © 2014 Japanese College of Cardiology. Published by Else
ttp://dx.doi.org/10.1016/j.jccase.2014.01.010with future events of acute coronary syndrome [3] and dis-
tal embolization or slow/no-ﬂow phenomenon during coronary
intervention [4,5]. However, the angioscopic examination is not
always easy in daily practice. We  would like to present a case in
which no-ﬂow phenomenon occurred during coronary interven-
tion of the target lesion that had yellow plaque by angioscopy and
lipid core plaque by near-infrared spectroscopy (NIRS) to com-
pare the distribution of plaques by those examinations. This is
the ﬁrst report that compared the ﬁndings of angioscopy and
NIRS.
vier Ltd. All rights reserved.
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Fig. 2. Findings of near-infrared spectroscopy (NIRS). NIRS can detect lipid core
plaque, which is presented as an yellow area in contrast to the normal area shown
in  red. The result of NIRS is presented as a red/yellow circle around the intravascular
ultrasound  image (A) or as a chemogram (B). The amount of lipid core plaque can
be measured by lipid core burden index (LCBI), and the maximum LCBI of 4-mm
segment  (maxLCBI4 mm) in this case was 1000. The distribution of yellow plaques
detected  by angioscopy appeared well correlated with the yellow areas with NIRS:
two large plaques (2 and 4) were separated by relatively normal segment (3) in both
examinations (see Fig. 3).Y. Ueda et al. / Journal of Ca
ase report
A  41-year-old male patient with silent myocardial ischemia
eceived coronary intervention. He had been treated for diabetes
ellitus and hypercholesterolemia and was treated by insulin and
aking pitavastatin (4 mg/day), metformin (500 mg/day), aspirin
100 mg/day), and clopidogrel (75 mg/day). The serum level of
ow-density lipoprotein cholesterol was 135 mg/dL; high-density
ipoprotein cholesterol was 36 mg/dL; hemoglobin A1c was  9.1%;
nd C-reactive protein was 0.07 mg/dL. Coronary angiogram
evealed diffuse stenosis in the distal right coronary artery (Fig. 1).
The target lesion was examined by a new device that combined
IRS with intravascular ultrasound (IVUS) (TVC system, InfraReDx,
oston, MA,  USA) and angioscopy. NIRS can detect lipid core plaque,
hich is presented as an yellow area in contrast to the normal area
hown in red. The result of NIRS is presented as a red/yellow circle
round the IVUS image (Fig. 2A) or as a chemogram (Fig. 2B). The
arget segment was ﬁlled with a large amount of lipid core plaque.
he amount can be measured by lipid core burden index (LCBI), and
he maximum LCBI of a 4-mm segment (maxLCBI4 mm) in this case
as 1000. On the other hand, angioscopy revealed the presence of
 ruptured yellow plaque with a thrombus in the target segment
Fig. 3). The distribution of yellow plaques detected by angioscopy
ppeared well corresponded to the yellow areas with NIRS: two
arge plaques (#2 and #4 in Figs. 2 and 3) were separated by rela-
ively normal segment (#3 in Figs. 2 and 3) in both examinations.
ore precisely, the comparison of the images between angioscopy
nd NIRS is shown in Fig. 4. Longitudinally, two large yellow plaques
ere separated by a short normal segment in both images. How-
ver, the presence of the thrombus could not be judged by NIRS
s it does not have the algorithm to detect the thrombus. Because
he circumferential image was not acquired by angioscopy, circum-
erential distribution of the yellow plaque could not be compared
etween angioscopy and NIRS.
After the insertion of a ﬁlter-type distal protection device
Filtrap, Japan Lifeline, Tokyo, Japan), balloon pre-dilatation
as performed and 3.5 mm × 23 mm and 3.0 mm × 38 mm stents
Xience Prime, Abbott Vascular Japan, Tokyo, Japan) were
mplanted. No-ﬂow phenomenon was detected after balloon pre-
ilatation (Fig. 5A) and was still observed after stent implantation
Fig. 5B). Coronary ﬂow was only partially recovered after the ﬁlter
emoval (Fig. 6A), which recovered in the ﬁnal angiogram (Fig. 6B)
fter repeated injection of nicorandil in the protected vessel (yel-
ow arrow) but was still disturbed in the non-protected vessel (red
rrow). The ﬁlter was ﬁlled with much plaque debris (Fig. 7A),
hich included the thrombus, foamy cells, cholesterol crystals, col-
agen ﬁbers, and calciﬁcations by histological examination (Fig. 7B).
ig. 1. Coronary angiogram of the right coronary artery. Coronary angiogram ((A)
eft anterior oblique view and (B) cranial view) revealed diffuse stenosis (red line
ith arrows) in the distal right coronary artery.
Fig. 3. Findings of angioscopy. Angioscopy revealed the presence of a ruptured
yellow  plaque with a thrombus in the target segment. The distribution of yellow
plaques  detected by angioscopy appeared well correlated with the yellow areas
with near-infrared spectroscopy: two large plaques (2 and 4) were separated by
relatively normal segment (3) in both examinations (see Fig. 2).
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Fig. 4. Comparison between angioscopy and near-infrared spectroscopy (NIRS).
Longitudinally, two large yellow plaques were separated by a very short normal seg-
ment both by angioscopy and NIRS. However, the presence of the thrombus could
not be judged by NIRS as it does not have the algorithm to detect it. Because the cir-
cumferential image was not acquired by angioscopy, further detailed comparison of
the images could not be performed.
Fig. 5. No-ﬂow phenomenon after intervention. No-ﬂow phenomenon was detected
after balloon pre-dilatation (A) and was still observed after stent implantation (B).
POBA, plain old balloon angioplasty.
Fig. 6. Coronary angiogram after the removal of ﬁlter. Coronary ﬂow only partially
recovered  after the ﬁlter removal (A), which recovered in the ﬁnal angiogram (B)
after repeated injection of nicorandil in the protected vessel (yellow arrow) but was
still disturbed in the non-protected vessel (red arrow).
Fig. 7. The ﬁlter device removed from the coronary artery with no-ﬂow phe-
nomenon. (A) The ﬁlter was ﬁlled with much plaque debris, which caused ﬁlter
no-ﬂow but protected the vessel from real no-ﬂow phenomenon in the vessel (yel-
low arrow in Fig. 6). (B) The captured material included the thrombus, foamy cells,
cholesterol crystals, collagen ﬁbers, and calciﬁcations on histological examination.
The patient suffered periprocedural myocardial infarction with the
peak serum creatine kinase level of 1500 U/L.
Discussion
Although  the risk of slow/no-ﬂow phenomenon has not been
clariﬁed and the beneﬁcial effect of distal protection has not been
established [6], we have previously reported that distal protection
is associated with a lower incidence of slow-ﬂow phenomenon
and with better cardiac function in patients with ruptured yellow
plaque at the culprit lesion of acute myocardial infarction [4]. Our
recent report also revealed that the presence of ruptured plaque
or yellow plaque is associated with distal embolization of plaque
debris both in acute coronary syndrome and in stable coronary
heart disease patients [5]. As maxLCBI4 mm ≥ 500 has been associ-
ated with the high incidence (50%) of periprocedural myocardial
infarction in a previous report [7], the present case hadmaxLCBI4 mm
of 1000 and suffered no-ﬂow phenomenon and periprocedural
myocardial infarction.
The  correlation between the yellow area detected by NIRS and
the yellow plaques detected by angioscopy appeared very well
in the present case regarding its longitudinal distribution. How-
ever, the circumferential distribution of yellow plaques could not
be compared, because circumferential image was not acquired by
angioscopy. Further investigations would establish the correlation
between the yellow plaques by angioscopy and the yellow area by
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IRS. Although NIRS cannot detect the thrombus or morphological
nformation of the plaques, it can evaluate the plaques quanti-
atively and may  contribute to the investigations of vulnerable
laques and to the risk stratiﬁcation of patients.
onclusion
The correlation between the yellow area detected by NIRS and
he yellow plaques detected by angioscopy appeared very well.
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